T
he U.S. medical community became aware of AIDS 30 years ago (1, 2) . Since then, the global HIV and AIDS pandemic has caused approximately 60 million infections. Experts estimate that more than 25 million persons have died of AIDS, and more than 33 million currently are living with HIV infection or AIDS (3) .
Despite these numbers, progress in basic and clinical research in HIV and AIDS and in the implementation of interventions has been extraordinarily successful. Researchers now understand HIV and its pathogenesis, can rapidly and specifically diagnose HIV infection, and profoundly suppress HIV replication with highly effective antiretroviral therapy (ART) (4 -6) . Research advances have identified strategies that have nearly eliminated mother-child transmission of HIV infection in many parts of the developed world and reduced the incidence of HIV infection in some developing-world settings (7, 8) .
To further control and ultimately end the HIV and AIDS pandemic, we must seriously consider 3 essential research and implementation goals ( Table 1) (9, 10) . First, we must accelerate the implementation of the many currently available evidence-based HIV treatment and prevention tools. Paramount among these interventions are the delivery of ART to persons who would benefit from such therapy and the establishment and sustained delivery of integrated combination prevention methods that are tailored to the risk factors in various target populations.
Second, research is required to explore innovative approaches to eliminate HIV in infected persons or to control infection without the need for lifelong ART. Researchers should aggressively pursue the goal of a cure for HIV infection.
Third, we must develop new, potent biomedical prevention tools that can be integrated with-and enhancecurrently available prevention approaches. Researchers are unlikely to achieve transformative successes in HIV prevention with a unidimensional approach; instead, this will require various versions of combination prevention strategies, depending on the target population ( Table 2) .
THE PROMISE AND LIMITATIONS OF ART
One of the most impressive success stories in the translation of basic biomedical research into interventions that positively affect the lives of millions of people has been the delineation of vulnerable targets in the replication cycle of HIV. This achievement has led to the development of highly effective therapies for HIV-infected persons. To understand the enormity of the effect of ART on the lives of HIV-infected persons, it is important to consider that in the early years of the AIDS epidemic before ART was available, the median survival after an AIDS diagnosis was measured in weeks to months and patient care was confined to diagnosing and treating a complex array of opportunistic infections and AIDS-related types of cancer (11) (12) (13) .
Beginning with the use of zidovudine monotherapy in 1987, 5 classes of antiretroviral drugs have been developed. Combinations of these agents safely and reliably suppress HIV replication in the body below the limits of detection in most HIV-infected persons receiving this therapy. In stark contrast to the early and mid-1980s, if a person aged 20 years is newly infected with HIV today and guidelinerecommended therapy is initiated, researchers can predict by using mathematical modeling that this person will live at least an additional 50 years-that is, a close-to-normal life expectancy (14) .
Despite these breathtaking advances in therapy for HIV infection, ART has limitations, including the fact that successful treatment of HIV infection requires daily dosing of these agents for the remainder of the patient's life. This requires health care delivery systems to manage treatment of HIV infection differently from that of typical infec-tious diseases and more like that of a chronic disease, where long-term follow-up fosters patient adherence. For resource-limited settings and for patients who lack adequate health care coverage, this difference creates a formidable challenge.
In the United States, the development and implementation of the National HIV/AIDS Strategy is designed partially to address the structural barriers to optimal care for HIV-infected persons (15). In this context, a portion of the U.S. agenda for implementing AIDS research focuses on defining optimal, cost-effective ways to increase the uptake of HIV testing; maximize the take-up of services; and foster high levels of adherence to treatment regimens. The National HIV/AIDS Strategy also seeks to fully implement the recommendations of the Centers for Disease Control and Prevention on HIV testing (16) and to establish incentives for organizations that conduct testing to provide efficient and effective linkage to care.
A major success in the third decade of the epidemic has been expansion of HIV care and treatment in the developing world. The U.S. President's Emergency Plan for AIDS Relief (PEPFAR), initiated in 2003 by former President George W. Bush; the multilateral Global Fund to Fight AIDS, Tuberculosis and Malaria; and such nongovernmental organizations as the Bill and Melinda Gates Foundation, the Clinton Foundation, and Médecins Sans Frontières, among others, have transformed the fate of countless HIV-infected persons in the developing world, particularly southern Africa, by providing treatment and care for those who are infected and prevention services for those at risk for infection (8, 17) . As of September 2010, PEPFAR alone had provided ART to more than 3.2 million HIV-infected persons; antiretroviral mother-child transmission prophylaxis to more than 600 000 pregnant women with HIV infection; and care to approximately 11 million people, including orphans whose parents died of AIDS (17).
Even with current efforts, approximately 2.5 million persons are infected with HIV each year. For every 2 persons who begin ART, 5 persons become newly infected (8) . Worldwide, treatment guidelines have evolved to recommend earlier initiation of ART (that is, at a higher CD4 ϩ T-cell count than previously recommended); however, we recognize that only approximately one third of all HIV-infected persons who need ART are receiving it (6) . Antiretroviral therapy will remain the cornerstone of the global response to HIV, and we need to find efficient ways to increase the number of persons receiving these lifesaving medications.
As we enter the fourth decade of the HIV and AIDS epidemic, the current situation in which large numbers of new infections occur and HIV-infected persons require lifelong therapy is clearly not sustainable. Therefore, research is more important than ever in developing both tools and strategies to obviate the need for lifelong therapy and new and effective prevention methods.
CURING HIV INFECTION
When we are discussing a cure for HIV infection, it is important to begin with a working definition of cure. The most straightforward definition is the permanent remission of a disease in the absence of a requirement for therapy. At the 30-year mark in the HIV epidemic, it is critical to acknowledge that there are no documented cases of a true cure induced by ART, even though ART is very effective in suppressing detectable viral replication for extended periods.
It has been claimed that 1 HIV-infected patient was "cured" after receiving a stem cell transplant to treat a complicating case of leukemia. The transplanted cells expressed a genetic defect that did not allow the replication of C-C chemokine receptor 5-dependent HIV, the most common replicating viruses circulating in persons today (18, 19) . Although this case does not present a practical approach for treatment of the millions of HIV-infected persons, it does prove in concept that, under certain circumstances, HIV can be controlled in the absence of ART. ART ϭ antiretroviral therapy; ARVs ϭ antiretroviral drugs, singly or in combination. * Specific combination prevention packages tailored for different populations will require multiple interventions. The set of interventions chosen for a prevention package will be determined by the specific characteristics of the epidemic within the geographic region. Research on how to enhance adherence to each component and on maximal adherence to each element of any combination prevention strategy is critical. All of these strategies have an adherence or behavioral component.
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Notwithstanding this unique case, we should consider at least 2 related lines of research when discussing a cure for HIV infection: development of a true sterilizing cure with complete eradication of the virus, and a functional cure, which is a permanent suppression of the virus without significant replication in the absence of ART. The concept of persistence in HIV infection received a molecular and cellular definition when Chun and colleagues (20) demonstrated that resting memory CD4 ϩ cells in HIV-infected persons contained replication-competent HIV that emerged on cellular activation. In 1997, these authors and others showed the central role that these cells play in the persistence of HIV by demonstrating that despite years of effective ART, which consistently suppressed plasma viremia to levels undetectable by standard assays, the replication-competent virus could invariably be isolated from the resting memory T-cell pool of latently infected cells (21) (22) (23) .
Since the late 1990s, investigators have pursued many strategies to eliminate this persistent reservoir. These strategies have included initiation of ART as early after infection as possible; intensification of ART with up to 5 or 6 different antiretroviral drugs; infusion of cell-activating cytokines, such as interleukin-2, or other means of activating the resting memory cells while the patient is receiving ART so that the activated cells can express the virus and die while ART blocks the released virus from spreading to other cells, thus reducing or eliminating the latent reservoir (24 -26) . These studies have resulted in variable degrees of reduction in the measurable size of the latently infected resting memory T-cell pool in the blood; however, after ART was empirically discontinued, all participants experienced some rebound of HIV replication (27, 28) .
Because previous attempts to purge the persistent HIV reservoir were unsuccessful, we must evaluate a range of approaches that selectively target the integrated provirus or selectively eliminate the resting cell carrying an integrated provirus. To help advance this research, we need simpler and more quantitative measures of the latent HIV reservoir. By using such quantitative tools and coordinating drug discovery and clinical evaluation efforts, we can begin to evaluate therapeutic strategies that target the recalcitrant reservoir.
With regard to the role of the immune system in controlling virus replication after ART is discontinued (that is, a functional cure), there is a significant amount of information available on HIV-infected persons whose immune responses effectively control, but do not clear, their HIV infection. This population, known as "elite controllers," provides convincing evidence of adequate immunologic control of HIV replication as measured by low to undetectable viral loads and maintenance of high CD4 ϩ T-cell counts (29) . Evidence that this elite controller profile is an immune-mediated phenotype is strengthened because many of these patients have specific HLA haplotypes, such as HLA-B*5701 (30, 31).
The challenge to researchers is to determine whether this elite controller phenotype can be induced in persons lacking a favorable HLA profile. To achieve this, investigators are combining and evaluating many strategies, including early treatment of HIV infection to both minimize the size of the viral reservoir and preserve anti-HIV immunity, together with "therapeutic" vaccination to bolster the immune response to a level where adequate control of viral replication is possible. Such strategies, if successful, could establish and maintain effective immunologic control of virus replication in the absence of ART so that HIV infection does not progress and transmission of HIV is highly unlikely. Patients in whom such a regimen could be successfully implemented might avoid the inevitability of lifelong ART.
PREVENTING HIV INFECTION
The most compelling goal of the HIV research agenda in the coming years is more effective HIV prevention. Preventing HIV infection is critical to the long-term goal of controlling and ultimately ending the HIV epidemic. Many prevention methods with a strong evidence base already exist, such as behavioral and educational approaches, proper use of condoms, needle exchange programs, adult male circumcision, and ART for prevention of motherchild transmission of HIV (7, 32, 33 ). Yet worldwide, these proven prevention strategies, alone or in combination, are accessible to only a fraction of persons who would benefit from their implementation (32, 34) .
Devising ways of "scaling up" proven, integrated prevention methods would have an important effect on slowing the growth of the HIV epidemic. Implementation of proven HIV prevention strategies needs to be bolstered with the development and validation of additional, effective prevention tools, such as ART-based prevention methods and a safe and effective HIV vaccine. Antiretroviral therapy-based prevention can take many forms. From the perspective of research opportunities, 3 approaches stand out: microbicides, preexposure prophylaxis (PrEP), and treatment as prevention. The use of antiviral agents as prevention is not a new idea, and approaches to prevent motherchild transmission of HIV have been strikingly successful.
Landmark proof-of-concept studies on microbicides and PrEP were published in 2010. The CAPRISA (Centre for the AIDS Programme of Research in South Africa) 004 trial demonstrated that use of 1% tenofovir gel before and after sexual intercourse by heterosexual women was 39% more effective in preventing HIV infection than a placebo gel. Among study participants who reported high adherence to use of the gel, the level of protection against HIV infection increased to 54% (35) .
The iPrEx (Pre-exposure Prophylaxis Initiative) trial evaluated daily use of tenofovir plus emtricitabine to prevent HIV infection in men who have sex with men and in transgendered women and was 44% effective (36) . The
Medicine and Public Issues Thirty Years of HIV and AIDS level of protection against HIV infection in participants with high adherence to this regimen increased to 73%. The relationship between adherence to preventive regimens and the efficacy of the interventions in both the CAPRISA and the iPrEx studies underscores the importance of including behavioral interventions and adherence counseling in combination prevention strategies ( Table 2) .
The VOICE (Vaginal and Oral Interventions to Control the Epidemic) trial is an ongoing phase 2b study evaluating the effectiveness of 1% tenofovir gel or daily use of oral tenofovir or of oral tenofovir plus emtricitabine versus appropriate placebos in preventing HIV infection (37) . If successful, this study would provide critical safety and efficacy data to move these approaches toward licensure and implementation. Discussions about devising the strategies for the scale-up, distribution, and rollout of an approved microbicide and PrEP agent have recently begun.
Longer-lasting formulations and novel delivery methods for microbicides and PrEP that are easier to use and subsequently enhance adherence must be developed and proven. Two such approaches currently under evaluation are the use of vaginal rings or implants that release a sufficient amount of active ingredient to provide adequate dosing to prevent HIV transmission for substantial periods. Even with these improved delivery systems, a substantial behavioral research component remains that will be required to optimize the use of these products as they were intended to be used (38) .
An example of an integrated prevention strategy is the "seek, test, and treat" approach, which has been widely discussed and modeled. Each model adopts a set of basic assumptions, and the parameters associated with each assumption determine the success or failure of the specific strategy within the model (39 -41) . We have long believed that these assumptions are testable concepts that must be explored to fully understand the strengths and weaknesses of this approach (42) .
For example, how soon after HIV infection should ART be initiated? Current guidelines that recommend starting ART when CD4 ϩ T-cell counts decrease to less than 0.5 ϫ 10 9 cells/L are based on epidemiologic evidence (5). To prove that initiating treatment earlier benefits the patient, the National Institute of Allergy and Infectious Diseases through the International Network for Strategic Initiatives in Global HIV Trials is conducting the START (Strategic Timing of Antiretroviral Treatment) trial. This study will provide a degree of evidence-based clarity to this important question (43) .
The development of a safe and effective HIV vaccine has long been a major goal of prevention research. If developed, a vaccine would be the cornerstone of an integrated HIV prevention strategy ( Table 2) . Over the years, investigators have made numerous attempts to develop an HIV vaccine, including multiple phase 1 and 2 studies of candidate vaccines that proved unsuitable to advance further, 2 failed phase 3 trials of HIV-1 envelope glycoprotein 120 subunit preventive vaccines in men who have sex with men and injection drug users (44, 45) , and the Step and Phambili trials of a T-cell-based vaccine. The latter 2 trials failed to show efficacy in reducing viral set-point after infection with HIV and raised concern about enhancing HIV infection in uncircumcised men who received the vaccine and were adenovirus type 5-seropositive (46, 47) .
Adding to this challenge is the absence of a welldefined correlate of protective immunity that is associated with natural infection. Because of the consistent failure of attempts to develop a safe and effective HIV vaccine, the Summit on HIV Vaccine Research and Development was held in March 2008 to reevaluate the direction of basic and clinical HIV vaccine research. On the basis of the recommendations of the summit, greater emphasis was placed on basic vaccine discovery with the realization of the need for an appropriate balance of empirical clinical trials that can serve, under certain circumstances, as basic discovery research (48).
Since the summit, several advances have led to a degree of cautious optimism in the field of HIV vaccine research. For example, important information has emerged about the earliest events in establishing HIV infection. A considerable proportion of sexual transmissions seems to have a single founder virus-a transmitting strain that differs from the divergent strains that evolve over time in persons with HIV infection (49, 50) . This insight may lead to new targets for immunogen design.
In addition, investigators have isolated several new, highly potent, broadly neutralizing monoclonal antibodies from patients chronically infected with HIV (51-53). Scientists are working on using crystallographic studies to delineate the precise epitopes to which these broadly reacting neutralizing antibodies bind in order to use structure-based vaccine immunogen design (54 -56). Understanding how these antibodies develop and mature in infected persons during natural infection also will be critical to optimize this process in response to a preventive vaccine (51, 53, 56, 57) .
In October 2009, a phase 2b clinical trial of a pox virus prime followed by a glycoprotein 120 subunit protein boost (the RV144 vaccine) conducted in 16 000 relatively low-risk participants (predominantly heterosexual men and women) in Thailand showed a modest 31% efficacy in preventing HIV infection (58). This result was the first indication of any degree of efficacy in HIV vaccine trials; therefore, the initial step after completing this study was to identify an immunologic correlate or correlates of protection from this trial. As such, researchers are undertaking a series of case-controlled studies in an attempt to identify such a correlate.
Regardless of whether a correlate of vaccine-induced protection is identified, follow-up on this modest positive signal will require the evaluation of improved vaccine vectors and gene inserts expressing various HIV proteins in higher-risk populations to determine whether the protec-
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As we stated, a safe and effective HIV vaccine would be the ideal cornerstone of a potent combination prevention strategy that can draw on a growing list of interventions that have been validated or seem promising in large clinical trials. Adult male circumcision was a major advance in the arena of prevention, with a demonstrated efficacy of at least 55% that has been sustained in follow-up studies (33) . Since 2009, we have seen 3 separate positive efficacy signals in large prevention studies, increasing from 31% with the RV144 vaccine to 39% with the CAPRISA 004 microbicide study to 44% with PrEP (35, 36, 58) . A safe and effective vaccine would be an important addition to the armamentarium of combination prevention strategies. Such a vaccine optimally would show significant and durable protection from infection against all methods of sexual transmission and, if possible, against bloodborne transmission, as well.
CONCLUSION
By focusing on the overarching goal of controlling and ultimately ending the HIV and AIDS pandemic, a scientifically challenging research agenda naturally follows. We have described 3 specific components of the research agenda that are essential to achieving our collective goal ( Table 1) . By pursuing an aggressive scientific research agenda to develop the necessary interventions, together with a full-scale implementation of effective approaches that use these tools, we can achieve our shared, long-term goal of ultimately ending the HIV and AIDS epidemic. Current author addresses and author contributions are available at www .annals.org.
